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Three experiments explore several factors which inﬂuence information transmission when warning
messages are passed from person to person. In Experiment 1, messages were passed down chains of
participants using ﬁve different modes of communication. Written communication channels resulted in
more accurate message transmission than verbal. In addition, some elements of the message endured
further down the chain than others. Experiment 2 largely replicated these effects and also demonstrated
that simple repetition of a message eliminated differences between written and spoken communication.
In a ﬁnal ﬁeld experiment, chains of participants passed information however they wanted to, with the
proviso that half of the chains could not use telephones. Here, the lack of ability to use a telephone did
not affect accuracy, but did slow down the speed of transmission from the recipient of the message to the
last person in the chain. Implications of the ﬁndings for crisis and emergency risk communication are
discussed.
© 2015 Elsevier Ltd and The Ergonomics Society. All rights reserved.Behavior in response to civil emergencies is a topic of consid-
erable concern. Across the world people are vulnerable to risks
ranging from naturally occurring events such as earthquakes,
extreme weather conditions, and tsunamis, to industrial and other
accidents, and of course terrorist attacks. Responding to such
emergencies is a topic of signiﬁcant concern and investment from
governments, who are increasingly involving psychologists, human
factors and other experts, and knowledge of human behavior in
their preparedness plans. There are many important areas of
research that are relevant, such as people's understanding of risks,
for example their willingness and ability to respond to an emer-
gency; their trust in different sources of information; and the way
the information spreads through a community. Much of the direct
and indirect research that is relevant here has been distilled into
broad-ranging guidance and reviews for policy makers and other
stakeholders in emergency preparedness and is embodied in the
emergent ﬁeld of Crisis and Emergency Risk Communication (CERC,
e.g. Sorensen, 2000; Reynolds and Seeger 2005;Seeger, 2006;
Reynolds, 2002; Wood et al. 2008; Centers for Disease Control and
Prevention (CDCP), 2012).orthy).
Society. All rights reserved.The Crisis and Emergency Risk Communication model is
intended as a tool to assist in the management of civil emergen-
cies across the whole range of activities. Reynolds and Seeger
(2005) present the working model of CERC as consisting of ﬁve
main stages: pre-crisis; initial event; maintenance; resolution;
and evaluation. All of those aspects of human behavior listed
above, and many others, are relevant at various points in the
model. In this study we are concerned with behavior which is
relevant to speciﬁc aspects of CERC at the precrisis and initial
event stages - the development of messages and the under-
standing of channels and methods of communication (Reynolds
and Seeger, 2005).
One important aspect of the initial stages of an emergency is
that emergency messages will be sent out from central sources
(probably multiple sources, in a variety of formats) and will be
passed on from person to person. In the three studies reported here
we simulate this process. Speciﬁcally, we investigate the relation-
ship between the mode of message transmission (the communi-
cation channel), the accuracy of transmission of the elements of
messages down a chain of receivers, the effect of repeating and/or
enhancing the messages and (in the ﬁnal study), the speed and
accuracy of transmission of messages in a more realistic setting
where some channels might be unavailable.
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tion from one person to another demonstrates, not surprisingly,
that information degrades as it is passed from person to person.
Information that might be initially quite detailed tends to be
reduced quite quickly to a few key facts (Allport and Postman,
1947). Though there is initial degradation, beyond four or ﬁve
people messages tend not to degrade further (Dalrymple, 1978).
Research has little to say about the relative survival of different
elements of crisis messages under controlled conditions when
passed from person to person, but is informed by research both on
warning message design and studies which have looked post-hoc
at real emergencies.
Because message information will inevitably be lost during
transmission, it is important that they are designed in such away as
to be maximally efﬁcient, especially if they are transmitted via a
mediumwhich restricts the size of themessage (such as Twitter). In
essence the accepted guidance is that a message should have
everything in it that the receiver needs, and nothing that he or she
does not, stated clearly and unambiguously. The CDC (2012) has
proposed ‘Who, What, Where, When, Why and How’ as repre-
senting the essential components of a crisis communication.
Similarly, Mileti and Sorensen (1990) propose that speciﬁc pieces of
information in warning messages should include the hazard, the
location, the time of the incident, and guidance. Reynolds and
Seeger (2005) suggest that there are clear distinctions between
more general risk communications and crisis communications, but
warnings are more broadly recommended to have four main
components: a signal word (e.g. ‘Danger’), a statement of the haz-
ard, a statement of the consequences of exposure and instructions
on how to avoid the hazard. These are designated in ANSI standard
Z.535 (1987). We therefore based the messages we tested on the
collective guidance above.
Though the research literature has little to say about the relative
survival of the individual elements of messages as it passes down
chains of people under controlled conditions, studies which have
looked post-hoc at the way information is disseminated under real
crises can inform this topic (Sutton et al., 2014; Butts et al., 2007;
Chew and Eysenbach, 2010). For example, Sutton et al. (2014)
looked at the pattern of tweeting and retweeting messages dur-
ing a 48-h period during a canyon ﬁre in 2012. They also carried out
a content analysis of the tweets and found that the messages most
likely to be retweeted were not only more likely to be hazard-
related, but were more likely to concern hazard impact and to be
advisory in nature. Thus this data suggests that key elements
‘survive’ in terms of their likelihood of being passed on through
retweeting. Whether or not those elements survive when they are
passed from person to person is one of the main focuses of the
studies presented here.
As well the transmission of information from one person to
another and the relative survival of message elements down those
chains, we are interested in how both of those factors might be
affected by the mode of transmission of the message. In the ﬁrst
two studies we ask participants to pass messages down chains by
means of speaking, writing, email, SMS text messaging or tele-
phone. The most obvious dichotomy here is that some of these
modes are primarily auditory, while the others are primarily visual.
Studies comparing visual and auditory materials in applied settings
have demonstrated mixed effects. Conway and Christiansen (2005)
showed that auditory stimuli displayed a learning advantage over
visual stimuli, and Wogalter and Young (1991) found that auditory
warning messages were more readily complied with than visual
ones. This study also showed that presenting a warning in both
visual and auditory modalities outperformed the individual mo-
dalities, as did Cao et al. (2010). In terms of direct memory effects,
Furnham et al. (1990) found that printed factual information wasbetter remembered than an audio-visual or audio presentation,
whereas Corston and Colman (1997) found that audio and print
forms of communicating warnings increased recall relative to video
format.
Obviously there are clear stimulus differences between written
and spoken communications which might underpin any observed
differences between them, such as the relative permanence of a
written stimulus, which can be re-examined at will, compared
with the typically ﬂeeting nature of a spoken message. However,
with modern communication methods the distinction between
auditorily-presented information (such as speech) and visually
presented information (such as an SMS message) is rather more
blurred. Biber (1991) points out that speech and writing are not
bimodal, but instead vary along a number of dimensions such as
interactive vs edited, and reported vs immediate. These di-
mensions appear to vary across different styles of communication
which ostensibly use the same mode. For example, as Herring
points out (2010) many authors have suggested that computer-
mediated communication, especially messaging, is more like
conversation than written communication, though it has the
property of permanence. This is likely to be true also of SMS
messaging. Also, people are more likely to exhibit certain types of
behavior in some modes than in others e for example, Whitty
et al. (2012) demonstrated that people are more likely to lie
spontaneously on the telephone, but to tell planned lies via SMS.
Thus we do not necessarily expect all versions of a single mode
(primarily auditory or primarily visual) to demonstrate the same
characteristics. For example, messages may not be transmitted the
same way when written down on paper than when passed on via
SMS. In the studies that follow we attempt to control for the most
obvious and potentially confounding factors across the modes
tested, but our key aim is to provide a fair test of the differences
when the modes function in the way they typically would do in
reality.
In the ﬁrst experiment, ﬁve communication channels are used.
These are SMS text, email, paper, face-to-face, and telephone. They
are compared by passing a set of messages down a chain of re-
spondents under laboratory conditions. In the second laboratory
study, messages are presented either by telephone or are written,
with and without repetition, with some participants being given
instructions either to re-read and check what they have written or
to ask questions in order to reduce the a priori advantages that one
or other communication might possess over the other. In the ﬁnal
ﬁeld experiment, participants received one of two types of auditory
message and were asked to pass it on. In some cases they were
allowed to use whatever means they preferred to communicate the
message down the chain, and in others they were restricted from
using the telephone, as they might be in a real civil emergency.1. Experiment 1
The aim of this experiment was to explore both the effect of
communication channel on the transmission of information
through chains of participants and the relative persistence of the
various message elements down the chain. Five communication
channels were compared - two primarily auditory (face-to-face and
cellphone) and three primarily written (SMS text message, email,
and paper). These channels were selected to best represent the
communication options available in emergency incidents. We used
chains of ten people as this represents a long chain (for example,
Dalrymple (1978) found that natural message chains seemed to
consist of eight or fewer people). If there is to be breakdown of
information, we would expect this to have happened before the
information has reached the end of the chain.
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2.1. Experimental design
Five different warning messages were constructed using the
same format and structure, but containing information about
different hazards (see Materials). Each of the messages was pre-
pared in the ﬁve modes to be tested so that the messages were
identical other than the mode of presentation. Five groups of ten
participants were recruited. Within each group of ten participants,
each modality was used once and each message was used once, so
that each message/modality combination was unique for each
group. The combining of the messages with modalities was
different for each of the ﬁve groups. Across the ﬁve groups, each
message was combined with each of the modalities so that across
the experiment, each message was presented in each modality
once, in a total of 25 presentations of the messages across the ﬁve
groups.
2.2. Participants
There were 50 participants (14 males, 36 females) aged 18e53
years (M ¼ 22.5 years). They were recruited through the University
of Plymouth participant pool and were paid £10 for participation.
2.3. Materials
Five messages were constructed from 7 structural elements.
Thesewere; a Signal word, Substance, Source, Location, Symptom 1,
Symptom 2 and Advice. For example, ‘Warning! There has been a
release of Gas 32 into large water pipes in the Peterborough area. This
is likely to cause nausea and infant convulsions. We advise you to
drink bottled water.’ Four other messages were created, each using
the same structure but containing different details for each
element. In addition, four cellphones, two tape recorders with
detachable microphones and two computers connected to the
Internet were also required.
2.4. Procedure
In each session, a group of 10 participants was tested. There
were ﬁve groups of 10 participants in total across sessions. In each
session the group of 10 participants passed all ﬁve messages be-
tweenmembers in a designated participant order, using each of the
ﬁve communication channels once. The designated order of par-
ticipants in the information chain was varied between each mes-
sage/channel. Each participant in the chain was required to try to
remember enough information to pass the message on to the next
participant without referring back to the original source. Thus in
the written conditions they were able to read the message as often
as they needed to and in the spoken conditions they were able to
ask questions of the transmitter. The experimenter observed all
proceedings.
In the paper condition, the ﬁrst participant entered the lab
where the warning was printed on a piece of A4 paper on their
desk. They were asked to read the message and then hand the
paper with the message back to the experimenter. Their task was to
restate the message by handwriting it on the paper provided. This
paper was then left on the desk for the next participant. The pro-
cedure was repeated down the chain of 10 participants, with each
successive participant handing the written message they had
received to the experimenter before writing their own version of
the message for the next participant. If the writing was considered
illegible by the experimenter, the writer was asked to rewrite the
message. This occurred only once or twice during the study.In the email condition, email accounts were set up for the par-
ticipants. The ﬁrst participant logged on to their account to read a
message that had already been sent to them. They were asked to
restate the message in an email and send it to the next participant.
Participants were not able to refer back to the message once they
had started writing their own version of it. The procedure was
repeated down the chain of 10 participants.
In the SMS condition, the message was sent to the ﬁrst partici-
pant's cellphone. They were instructed to read the message, to
create a text message restating the information and send it to the
next participant in a different room. This procedure was repeated
down the chain of participants. Participants were able to use pre-
dictive text messaging if they wished, and to use text-speak.
In the face-to-face condition the experimenter and ﬁrst partic-
ipant entered the laboratory and the experimenter passed the
message to the participant verbally. The experimenter then left the
room and was replaced by the second participant. The ﬁrst
participant passed the message to the second and then left the
room, to be replaced by participant 3 and so on, down the chain of
10 participants.
In the phone condition, the experimenter phoned the ﬁrst
participant with the warning message. After the experimenter had
hung up the participant was required to phone the next participant
(in a different room) and pass on the message. The ﬁrst participant
then returned to the waiting room to be replaced by participant 3.
This procedure was repeated down the chain of 10 participants.
Both the face-to-face and phone conditions were recorded.
2.5. Results
2.5.1. Data analysis
The seven message elements were coded for transmission ac-
curacy by two independent coders. Each message element was
coded 2 (the element was there in its original form), 1 (the element
was there but had been altered) or 0 (a completely missing
element). Thus, higher scores indicated more accurate messages or
elements thereof. Words added to the messages were also counted.
Inter-rater reliability was calculated using Cohen's Kappa,
Kappa ¼ 0.89 which is above the 0.7 cut off for acceptable agree-
ment between raters.
This datawas then subject to further analysis as presented in the
following sections.
2.6. Transmission accuracy by communication channel and element
A 2-way channel  element ANOVA revealed a signiﬁcant main
effect for Channel (F [4, 42] ¼ 54.77, p < 0.001). Paper messages
were most accurately transmitted, (M ¼ 1.13) followed by SMS
(M ¼ 1.01), email (M ¼ 0.91), face-to-face (M ¼ 0.69) and phone (M
¼ 0.65). Signiﬁcant differences (Bonferroni) were found between
paper and all other channels (all at p < 0.001 except between paper
and SMS, p < 0.05) and between SMS and both phone and face-to-
face (p < 0.001).
A signiﬁcant main effect was also found for message element (F
[4.49, 40] ¼ 144.42, p < 0.001). ‘Substance’ and ‘Advice’ were the
most accurately transmitted elements (M ¼ 1.25) followed by
‘Location’ (M ¼ 1.21), ‘Symptom 1’ (M ¼ 0.89), ‘Symptom 2’
(M ¼ 0.71), ‘Signal word’ (M ¼ 0.62) and ‘Source’ (M ¼ 0.23).
Bonferroni tests showed signiﬁcant differences between ‘Sub-
stance’ and ‘Source’, ‘Signal word’, and ‘Symptom 1 and 2’
(p < 0.01). Both ‘Advice’ and ‘Location’ were transmitted more
accurately than ‘Source’, ‘Signal word’, ‘Symptom 1’ and ‘Symptom
2’ (p < 0.01). ‘Symptom 1’ was transmitted more accurately than
‘Source’, ‘Signal word’ and ‘Symptom 2’ (p < 0.01),‘Symptom 2’ was
transmitted more accurately than ‘Signal word’ and ‘Source’
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Fig. 1. Average survival value of elements by communication channel (Experiment 1).
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‘Source’ (p < 0.01).
2.7. Element survival
Themean scores for element accuracy can be approximated into
a score, which demonstrates how long a word typically survives
down the chain of participants. The assumption made is that once
an element has disappeared in a communication it does not return.
Each mean element score is out of 2, so multiplying this score by 10
(number of people in the chain) and dividing by 2 gives the
approximate point in the chain where the element is lost. Fig. 1
plots the mean survival of each message element down the chain
of participants, as a function of communication channel. Overall,
the elements, ‘Substance’, ‘Location’ and ‘Advice’ survive furthest
down the chain, whereas ‘Source’ is typically lost within one or two
people. In addition, the survival of some elements depends on
communication channel; for example, ‘Signal word’ typically sur-
vives to the ﬁfth person in the chain in the paper condition but only
the ﬁrst person in the chain in the phone condition.
2.8. Communication down the chain
The overall accuracy with which each message was communi-
cated down the chain was calculated by collapsing across partici-
pants and elements. Table 1 demonstrates that the mean scores fall
as position in the chain increased, showing that information is lost
at each stage. A two-way communication channel  position
ANOVA showed a main effect for channel (F [4, 37]¼ 27.3, p < 0.01),
a main effect for position (F [9, 37] ¼ 17.14, p < 0.01) but no sig-
niﬁcant interaction between the two (F [36, 160] ¼ 1.38, p ¼ 0.094).
Performance generally fell as position in the chain increased, and
performance was better using some channels than others.Table 1
Mean accuracy at each position in the chain for each communication channel
(Experiment 1).
Position in chain Email F2F Phone SMS Paper Mean
1 49.4 39.6 41.6 41.0 53.6 45.04
2 41.6 28.4 31.4 37.8 49.4 37.72
3 32.0 26.2 28.4 32.8 45.5 32.98
4 29.2 24.6 25.6 31.2 37.4 29.60
5 29.2 19.0 25.4 30.4 32.2 27.24
6 26.8 20.6 21.6 29.6 29.2 25.56
7 27.2 20.2 20.4 25.2 27.8 24.16
8 24.4 20.0 18.8 22.8 26.0 22.40
9 22.0 18.0 17.0 22.2 24.4 20.72
10 30.6 23.6 14.6 21.2 22.0 22.40
Mean 31.26 24.02 24.48 29.42 34.75A series of ANOVAs were carried out for each stage in the chain.
These demonstrated a signiﬁcant effect of communication channel
through positions 1 to 4 in the chain. At position 1, there was a
signiﬁcant effect of communication channel (F [4] ¼ 5.1) with sig-
niﬁcant differences between paper and face-to-face (F [1] ¼ 28.4,
p < 0.01), paper and phone (F [1] ¼ 12.31, p < 0.01) and paper and
SMS (F [1] ¼ 12.4, p < 0.01). At position 2, there was again a sig-
niﬁcant effect of communication channel (F [4] ¼ 5.25, p < 0.01),
with signiﬁcant differences between paper and face-to-face (F
[1] ¼ 50.1, p < 0.01), paper and phone (F [1] ¼ 21.5, p < 0.01) and
paper and SMS (F [1]¼ 7.4, p¼ 0.053). At position 3 therewas still a
signiﬁcant effect of channel (F [4] ¼ 3.56, p < 0.01) with signiﬁcant
differences between paper and face-to-face (F [1] ¼ 68, p < 0.01)
and paper and phone (F [1]¼ 16.7, p < 0.01). At position 4, therewas
no effect of communication channel (F [4] ¼ 1.83, p ¼ 0.172, neither
was there at position 5 (F [4] ¼ 2.11, p < 0.01), position 6 (F
[4] ¼ 2.05, p < 0.01) or beyond. At the ﬁrst link in the chain, all
communication channels other than email are less accurate than
the paper communication, however by the 4th position, differences
between channels are no longer signiﬁcant. This indicates that the
degradations in message accuracy occur in the ﬁrst few trans-
missions, and that after the fourth or ﬁfth person in the chain the
accuracy of transmission stabilizes as the information is lost.
2.9. Additional words
An additional wordsmeasurewas also used, which quantiﬁes an
alternative source of inaccuracy, information added to the message.
A repeated measures ANOVA (F [4, 42] ¼ 19.28, p < 0.001) revealed
a signiﬁcant effect of communication channel on the number of
additional words used. The mean number of additional words
added across the entire chain, per participant, were 7.15 for paper,
5.25 for email, 5.75 for SMS, 9.93 for face-to-face and 14.7 for
phone. Bonferroni post-hoc tests showed that these differences
again reﬂect differences between spoken and written methods of
delivery. Listed in descending size of mean difference, there was a
signiﬁcant difference between Phone and Email, Phone and SMS,
Phone and Paper, Face-to-face and Email, and between Face-to-face
and SMS (all at p < 0.01). The number of words added to a message
appears to correspond negatively with the accuracy with which the
original message is preserved. To some extent, participants appear
to add words in order to preserve the approximate length of the
original message.
2.10. Discussion
The results show three main ﬁndings: that different communi-
cation channels vary in their reliability in terms of how accurately
people transmit a message down a chain; that different elements of
a message are more or less resistant to being omitted; and that the
early advantages shown by some channels are lost further down
the chain. The advantage of written channels over spoken ones is
demonstrated both when accuracy is measured by information lost
from messages and also when measured by new information
added. So participants both lose information, and embellish more,
in spoken communications.
For the written communication channels there was scope for
participants to re-read the information before they restated the
message. As our studies seek to provide a ‘fair test’ of practical
differences between the modes, participants in the spoken condi-
tions were allowed to ask questions, as a way of embellishing the
information in a way that one might if the written mode was un-
available. In the written conditions they could re-read the message.
In each case, the participants' operational task was to derive
enough information from the message to pass it on. We found
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spoken conditions whereas re-reading the document did not
require them to interact with anyone, so this might have given
some advantage to the written form of the message. In the second
experiment we control for exposure, and allow participants to
enhance the information gained through methods appropriate to
the visual and auditory modality.
The other key ﬁnding in this study is that elements of the
warning message differ in how accurately they are transmitted.
Typically ‘Location’, ‘Advice’, and ‘Substance’ survived well
regardless of communication channel. The key elements to be lost
are the source of the release, the listed symptoms, and the signal
word. In practical terms it is the most important, behavior-
determining, aspects of warning messages that have survived; the
location of the risk, the advice, and the substance that has been
released. Whether these elements survive because of the structure
of the message or because of receivers' mental model of which
information is important, is not clear. Recall the ANSI Z.535 rec-
ommendations and earlier observation that four key components of
warning messages can provide a framework for understanding
warning messages. The substance, its source and its location can be
construed as the hazard; symptoms can be construed as conse-
quences; and advice can be construed as instructions. Experiment 1
demonstrates that, as in the study by Wogalter et al (1987), signal
words can be forgotten because they are subsumed in the message
itself. Whilst the substance and its location are readily remembered
and passed on, source is readily lost; thus some elements of the
hazard are passed onwhile others are lost. In this study the ‘Source’
generally referred to the precise location of the problem such as
‘rivers’ or ‘large water pipes’. This would seem to be vital infor-
mation, so it is interesting that while people could remember and
pass onwhat the hazard was and where it was geographically, they
tended not to remember its precise location. The results also
showed that ‘Symptoms’ tended to be less well passed on. In terms
of the four main components of a warning message these can be
construed as consequences, which, as Wogalter et al. (1987)
showed, are either less important or are subsumed in the rest of
the message. Finally, ‘Advice’ is remembered as well as ‘Location’
and ‘Substance’ and can be construed as instructions.
The ﬁnal key ﬁnding of this study was that, inevitably, message
accuracy degrades fastest at the beginning of an information chain,
and later losses in accuracy are smaller. At the same time, messages
are embellished in those conditions where the information lost is
greatest, though in many cases the embellishment still carried the
sense of the message. Our ﬁndings also indicate that though we did
not expressly ﬁnd an interaction between communication channel
and position in the chain, the advantage for written versions of the
message are lost at about the fourth position. Thus if a receiver is
receiving a fourth- or greater-hand message, the modality in which
it is conveyed is no longer relevant.
3. Experiment 2
In the ﬁrst experiment there was a clear advantage for the
written mode when the messages were presented in a single
exposure. In the second experiment we compare written (paper)
and spoken (face-to-face) communications when they are either
repeated, or participants are encouraged to enhance their under-
standing of the message, or both.
A considerable amount of research has been carried out on the
relationship between repeated exposure and dependent variables
which might affect either aesthetic responses or future behavior.
Much of this has focused on the relationship between repeated
exposure, complexity, and aesthetic responses (following Berlyne's
two-factor theory (1970, 1971). Many studies have used the two-factor theory as a way of looking at the persuasiveness of com-
munications (e.g. Cacioppo and Petty, 1979), and some have looked
speciﬁcally at its role in advertising (e.g. Childers, 1986; Anand and
Sternthal, 1990). Whilst our studies are not concerned with
persuasiveness, complexity is of some importance as it is possible
that our messages, because they have several components, may
require several exposures to be fully remembered. Underpinning
the inverted-U relationship between complexity, repetition, and
liking (Berlyne, 1971), is the sheer ability of participants to process
the elements of the stimuli used. Repeated exposure makes it more
possible for participants to process those elements. It is quite
possible therefore that differences between the written and the
spoken presentations of the message in Experiment 1 can be
accounted for partly because the message was too complex for
participants to take in fully in one exposure. Additionally, in the
ﬁrst study, the participants would in principle have been able to
read the written message more than once. Our observations also
suggest that participants when receiving a message were reluctant
to ask questions of the transmitter of the message. Thus in the
second study we also exert greater control on the availability of the
stimuli to the participant.
As Biber (1991) points out, the differences between written and
spoken communication are not as clear-cut as we might think. In
our experiments however the distinction is quite clear, as we use
written and spoken communications in the more typical bimodal
sense. Our written messages were presented to participants on a
sheet of paper, and our spoken messages were conveyed to the
participants in a face-to-face situation, without the use of any
writing materials. In Experiment 2 we present both written and
spoken messages either once or twice i.e. with or without repeti-
tion. We added a second condition intended to further enhance the
participants' understanding of the message but in a way
commensurate with the modality in question, as we wished to
provide a fair test of any differences between the two modes. In
some conditions, participants were asked explicitly to check their
understanding of the message either by re-reading what they had
written (written messages) or by questioning the speaker (spoken
messages) as much as required. We should anticipate little
advantage of either communication channel once repetition and
clariﬁcation opportunity is controlled for.
The ﬁrst experiment also showed that some elements of a
message are better relayed than others. Here we explore whether
those effects are replicated and whether they are inﬂuenced by the
experimental variables of repetition and instructions to clarify the
message.
3.1. Method
3.1.1. Experimental design
This was a mixed design. The two between-subjects factors
were repetition of the message (repetition/no repetition) and
enhancement (re-reading in the case of the written condition and
questioning the speaker in the spoken condition). Mode (written,
spoken) was awithin-subjects factor. There were 20 groups of up to
ﬁve participants, each of whom passed two messages down the
chain, one in written form and one in spoken form. Each of the two
messages tested (see below) was presented to half of the groups in
a spoken form and half in written form. Additionally, half of the
chains passed down the spoken message ﬁrst and half the written
message.
3.1.2. Participants
173 participants took part, 50 males and 123 females, aged be-
tween 18 and 49 years, (M ¼ 21.4 years). Some participants were
psychology undergraduates who took part for course credit and
Table 2
Mean transmission accuracy scores by communication channel, repetition and in-
structions (Experiment 2).
No repetition Repetition Mean
Face-to-face, no instruction 0.73 0.90 0.82
Face-to-face, instruction 0.67 1.09 0.88
Written, no instruction 1.14 1.19 1.17
Written, instruction 0.99 1.18 1.09
Mean 0.88 1.09
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university campus and paid £5.
3.1.3. Materials
Two warning messages were used, each with 7 elements (Sub-
stance, Source, Location, Symptom1, Symptom 2, Advice 1& Advice
2). Some minor changes were made to the messages in comparison
with those previously used. The signal word was removed and a
second piece of advice inserted instead. ‘Substance’wasmademore
generic e.g. ‘weak acid’ rather than e.g. ‘Factor NX'as feedback from
Experiment 1 suggested that unfamiliar names might distract
participants from other message content. The two messages were
as follows:
 There has been a release of chemical fertilizer into rivers near
farmland in the Exeter area. It is likely to cause skin irritation
and nausea. It is advised that you keep children indoors and seek
medical advice.
 There has been a release of weak acid into small water pipes in
the Cornwall area. It is likely to cause vomiting and muscle
cramps. It is advised that you inform elderly relatives and avoid
tap water.
In addition, a tape recorder with detachable microphone, blank
paper and pens were required.
3.1.4. Procedure
Participants were randomly assigned to a position in a chain of
up to 5 participants. Each chain took part in one between-subject
condition (no enhancement/no repetition; no enhancement/repe-
tition; enhancement/no repetition or enhancement/repetition).
Within each between-subject condition, participants passed on
both warning messages, and used both spoken and written
communication channels. The order of the written and spoken
conditions and the message/mode pairing was counterbalanced
across the groups (see Experimental Design, above). The order of
the participants within a chain was changed between the ﬁrst and
the second message. The procedure for each communication
channel is described below. An experimenter observed the
sessions.
3.1.5. Spoken
The ﬁrst participant sat in the laboratory opposite the experi-
menter. The experimenter read the message out loud (with or
without repetition and enhancement, depending on condition).
This experimenter then left the room and was replaced by the
second participant. The ﬁrst participant passed the message (with
or without repetition and enhancement, depending on condition)
to participant two by speaking it. This procedure was repeated
down the chain of participants. The last participant passed the
message back to the experimenter who had earlier delivered the
ﬁrst message. The sessions were recorded. In the enhancement
conditions participants were told, ‘Feel free to ask questions and
clarify the message if necessary. Make sure you have understood
the message and think you can remember it before attempting to
pass it on’. The participant was told to ensure they conveyed the
instructions to seek clariﬁcation to the next participant.
3.1.6. Written
Participants sat down in front of the message, which was typed
on A4 paper. The instructions asked them to read themessage (with
repetition and enhancement depending on condition) and then
reproduce it on the paper provided. Once completed, the partici-
pant left the room. The next participant entered and was asked to
read, and then reproduce, the message that the previousparticipant had left. This procedurewas repeated down the chain of
participants. In the enhancement conditions participants were told,
‘Before leaving the message make sure that you are happy with it,
re-read it, check its accuracy and that it includes all the
information’.
3.2. Results
3.2.1. Data analysis
The seven message elements were coded for transmission ac-
curacy by two independent coders. Each message element was
coded 2 (the element was there in its original form), 1 (the element
was there but had been altered) or 0 (a completely missing
element). Thus, higher scores indicated more accurate messages or
elements thereof. Words added to the messages were also counted.
Inter-rater reliability was calculated using Cohen's Kappa,
Kappa ¼ 0.85 which is above the 0.7 cut off for acceptable agree-
ment between raters.
This datawas then subject to further analysis as presented in the
following sections.
3.2.2. Transmission accuracy scores
Table 2 shows accuracy scores as a function of communication
channel, repetition, and enhancement, collapsed across elements.
A mixed ANOVA, 2 (repetition)  2 (enhancement)  2
(communication channel)  7 (elements), identiﬁed a main effect
for communication channel, (F [1, 162] ¼ 44.72, p < 0.001), where
the written delivery was more accurate than the spoken delivery.
There was also an effect of repetition (F [1, 162] ¼ 24.19, p < 0.001),
whereby messages that were repeated were transmitted more
accurately. There was an interaction between communication
channel and repetition (F [1,162]¼ 4.70, p¼ 0.03). Post hoc analysis
(Bonferroni) indicated a signiﬁcant difference only (p < 0.01) be-
tween the spoken/no repetition and all other conditions. Thus,
repetition had a more beneﬁcial effect on accuracy for spoken
messages than for written ones. There was no main effect of
enhancement, but there was amain effect of message element (F [6,
157] ¼ 43.26, p < 0.001). The means for each of the elements were;
1.35 (‘Substance’), 0.69 (‘Source’), 1.26 (‘Location’), 0.96 (‘Symptom
1’), 1.02 (‘Symptom 2’), 0.97 (‘Advice 1’) and 0.67 (‘Advice 2’). Post
hoc (Bonferroni) comparisons indicated that means were signiﬁ-
cantly higher for ‘Substance’ than for all elements other than
‘Location’ (p < 0.01); signiﬁcantly higher for ‘Location’ than all el-
ements other than ‘Substance’ (p < 0.01); signiﬁcantly higher for
‘Symptom 2’ than ‘Advice 2’ and ‘Source’ (p < 0.01); and signiﬁ-
cantly higher for ‘Symptom 1’ and ‘Advice 1’ than ‘Advice 2’ and
‘Source’ (p < 0.01).
Therewere some interactions involving the elements. Therewas
a two-way interaction between communication channel and ele-
ments (F [6, 157] ¼ 23.3, p < 0.01). Means for each of the seven
elements by communication channel were 1.18 (face-to-face) and
1.52 (paper) for ‘Substance’; 0.53 and 0.86 for ‘Source’; 1.27 and 1.25
for ‘Location’; 0.90 and 1.02 for ‘Symptom 1’; 0.51 and 1.52 for
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‘Advice 2’. Thus the scores for the paper-based communications
were generally higher than for spoken, but much higher for
‘Symptom 2’. There were three-way interactions between ele-
ments, repetition and enhancement (F [6,157]¼ 4.78, p < 0.01), and
element, communication channel and repetition (F [6, 157] ¼ 2.7,
p < 0.01). Table 3 shows the results of the element  communi-
cation channel  repetition interaction. The table shows that
retention of some elements was far more consistent across channel
and repetition than others. For example, the scores for ‘Substance’
were fairly consistent across the four conditions whereas ‘Symptom
2’ showed a large increase in mean score between the no repetition
and the repetition conditions, which is demonstrated less obviously
for most of the other conditions. There was a four-way communi-
cation channel  element  repetition  enhancement interaction
(F [6157] ¼ 2.21, p < 0.05).
3.3. Added words
A measure of added words was taken, as in Experiment 1. The
mean number of added words, averaged across participants, was
13.26 for the spoken messages and 8.19 for the written messages (t
[165] ¼ 7.05, p < 0.001).
3.4. Discussion
This experiment has demonstrated again an advantage for
communicating warning messages through written channels.
However, this advantage is dramatically reducedwhen themessage
is repeated, as there appears to be a greater advantage to repeating
a spoken message than there does to reading a written message
more than once.
The added beneﬁt of hearing a message a second time, plus the
facility to interact with the speaker of the message, appears to
improve performance with spoken communications to the level of
written ones. The various interactions found in Experiment 2 can be
largely attributed to the improvement in performance when the
receiver is allowed to hear the spoken version of the message more
than once, and the further improvement (though not statistically
signiﬁcant) when they are additionally allowed to quiz the speaker.
Experiment 2 also largely replicated the ﬁndings for message
elements found in Experiment 1. The message elements ‘Substance’
and ‘Location’ were most accurately transmitted, and ‘Source’ and
‘Advice 2’ the least. ‘Location’ has survived well across both ex-
periments and ‘Source’ has fared badly. The fact that ‘Substance’
and ‘Location’ appear to be well transmitted might be explained as
a primacy effect, but as ‘Source’, which appears in a similar serial
position, appears to be easily lost it is more likely that the effect is
attributable to the receiver retaining the important information at
the expense of the less important (suggesting a cognitive ratherTable 3
Mean scores for the element x communication channel  repetition interaction
(Experiment 2).
Face-to-face Paper Face-to-face Paper Mean
No repetition No repetition Repetition Repetition
Substance 1.02 1.54 1.33 1.49 1.35
Source 0.49 0.81 0.56 0.90 0.69
Location 1.09 1.12 1.45 1.38 1.26
Symptom 1 0.64 0.85 1.15 1.19 0.96
Symptom 2 0.33 1.63 0.69 1.41 1.02
Advice 1 0.86 0.81 1.06 1.16 0.97
Advice 2 0.49 0.73 0.72 0.75 0.67
Mean 0.70 1.07 0.99 1.18than a perceptual effect). Loss of ‘Advice 2’ in this study is a concern
as advice is one of the most important features of a message and
can be construed as part of the instructions. The effects of adding
further advice elements, and ways of improving the survivability of
advice elements, might be considered in future research.
The evidence from Experiments 1 and 2 suggests that there are
some features of warning messages which are better remembered
and conveyed than others. There is also something of a pattern
whereby those elements most poorly conveyed with a single
exposure to the message are conveyed more readily, but still rela-
tively poorly, when the message is repeated. This is generally more
evident in the spoken conditions than in the written conditions.
Because our studies were laboratory-based, it was not possible
to get a measure of the speed with which the messages were
conveyed, which is clearly important for real communications. In
the ﬁnal experiment we also consider how fast a message spreads
between groups of acquaintances in the real world, as a function of
communication channel. We were interested in simulating a real-
life scenario and so we also constrained the way in which some
of the participants could communicate. In a real civil emergency
people are sometimes either unable to, or advised not to, use
telephones. Thus in the ﬁnal experiment we introduce a condition
where participants are not allowed to use their telephone.
4. Experiment 3
In the third experiment we use a more realistic ‘real world’
paradigm in addressing similar questions to Experiments 1 and 2.
In order to simulate some important real world conditions we
sometimes restricted the use of the telephone e a situation which
might mirror a real-life situation inwhich either the telephones are
out of action, or the public have been asked not to use them e and
we also measure the speed with which a message passes down the
chain in addition to measuring its accuracy. For ethical reasons
however we could not use emergency messages as we had in the
ﬁrst two studies, for while the participants themselves would have
known the messages to be part of the study, we could not risk those
messages spreading beyond the participant group. In the ﬁnal
study, we presented only an auditory message to the ﬁrst partici-
pant in the chain. This was either in the form of a telephone mes-
sage or as a pre-recorded CD. Both types of presentation simulate
an important method of communicating actual emergencies to the
public; telephoning one another is what people would often do
during an emergency (if allowed), and a CD can be loosely thought
of as simulating a radio or TV broadcast.
In this study we recruited groups of individuals known to one
another (either a family or a set of friends) who, once briefed, were
set to receive a set of messages at random times and were then
asked to convey the message down their own chain. We presented
the initial message either via the telephone or via a CD sent to their
address, awaiting activation when instructed. Other than control-
ling the way in which the message was conveyed to the ﬁrst
recipient, we did not control how participants communicated with
one another other than restricting half of the participants to any
medium other than the telephone (for both speaking and SMS
messaging). The messages we used had a similar structure (i.e.
possessed comparable individual elements) to those used in Ex-
periments 1 and 2 but contained innocuous content.
4.1. Method
4.1.1. Experimental design
The experiment was a 2  2 mixed design. The within subjects
factor was method of message delivery to the group (CD vs. phone)
and the between subjects factor was method of communication
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message and the time taken to pass the message from the experi-
menter around the group to the last participant.
4.1.2. Participants
Sixty-four people took participated in the experiment. They
were aged between 18 and 61 years with a mean age of 24.6 years.
Seventeen were male and 47 were female. All participants were
recruited by ﬂyers posted on campus at the University of Plymouth
or through the University of Plymouth Participant Pool, and each
was paid £20. The participants were recruited in groups of four
people (16 groups). Each groupwas required to consist of friends or
family, living within a 10 km radius of each other, who had a
working cellphone, access to a means of playing a CD and who
consented to have their contact details released to other members
of their group (email address, address, landline and cellphone
numbers etc). The requirement that group members lived
geographically close to one another was to ensure that members
could communicate with each other face-to-face if they wished to
do so.
4.1.3. Materials
Since participants in this study were recruited partly from the
general public and the messages were sent at unpredictable times,
messages with innocuous content were used. The structure of the
messages was designed to mirror the elements of those used pre-
viously, so that each element performed the same function as the
messages tested in Experiments 1 and 2.
Eight messages were created with the same structure. The
speciﬁc corollaries to the messages used previously and their
general corollary to the four components of warning statements are
as follows: The name of the person the message was about (source/
hazard); the group they came with (source/hazard); the event they
were at (substance/hazard); the venue where the event was being
held (location/hazard); what they brought with them (symptom/
consequences); what they did while they were there (symptom/
consequences); what advice the organizers had for next time
(advice/instructions); and the reason for the advice (advice/in-
structions). For example, ‘Graham Cook and his neighbors attended a
senior ballroom dance held at the Thomas Theatre. Some people
brought digital cameras and many drank too much. The organizers
advised that for future events people should come by coach to avoid
the delays travelling home’.
Each participant was given a CD (containing only the message
that the participant would have to send on at some later point), a
sheet of contact details for members of their group and instructions
for completing the experiment. An Envox phone recording system
was used to record the messages that participants received from
other participants.
4.1.4. Procedure
Each group received all eight messages, half by phone and half
by CD (in the CD condition the initial message recipient was phoned
and told to listen to their CD as soon as possible after the call),
counterbalanced across groups. The order inwhich groups received
the messages and method of message delivery was also counter-
balanced. In the CD condition the initial receiver could listen to the
message as many times as they wanted to, and in the phone con-
dition they were allowed to ask questions and interact with the
caller.
The initial message recipient in a group was chosen at random
for eachmessage (pre-selected before the CDs went out), and asked
to ensure that the message was passed around as fast as possible.
Participants had to phone the Envox system every time they
received a message, stating the message they had received, whenthey received it, how it was delivered and by whom. Half of the
groups were allowed to pass the message among themselves in any
way they liked (free), the other half were not allowed to use the
telephone (restricted). Once each member of the group had
received a message (or 72 h had elapsed, the timeout period) the
groupwas notiﬁed that the trial for thatmessagewas complete. The
next message was sent to the group during the following day.
Before the message trials began, a test message was sent to every
participant.
4.2. Results
4.2.1. Data analysis
The primary dependent measures of interest were transmission
accuracy, transmission time and the relative decay of different
message elements. The messages recorded on the Envox system
were coded for accuracy. Each message element scored as either 1
(correct) or 0 (incorrect or missing). An element was scored as
correct if the meaning of the information was retained even if
different words were used. Transmission speed was measured as
the time taken to pass a message from the experimenter to the last
of the four participants in a group. Timing began when the
experimenter passed the message to the initial receiver and
ﬁnished when the last receiver phoned the Envox system. Groups
failing to complete the transmission of a message within 72 h were
timed out and 72 h was entered as their time. We did not enter the
data into a complete 3-way analysis, because individual cell size for
method of delivery x method of communication  element was
relatively small, and because there was no control over the
communication channels used. We present ﬁrst the effects of
method of delivery and method of communication, collapsed
across element. The second part of the analysis considers the ef-
fects of elements.
4.3. Message transmission accuracy
Mean message accuracy scores (maximum 1), as a function of
delivery and communication methods were 0.789 (CD/free), 0.616
(phone/free), 0.677 (CD/restricted) and 0.657 (phone/restricted). A
2 2mixed ANOVA revealed a signiﬁcantmain effect for method of
delivery (F [1, 12] ¼ 8.163, p ¼ <0.05), so that messages delivered
initially by CD were transmitted more accurately than those
delivered by phone. There was no effect of free vs. restricted on
accuracy (F [1, 12] ¼ 0.190, p ¼ 0.671) and no interactions.
The position of themessage in the sequence of messages (form 1
to 8, as each chain conveyed a total of eight messages) for each
group was also considered. There was no effect of position (F [7,
42] ¼ 1.385, p ¼ . 237) on transmission accuracy, so participants
neither improved nor got worse at the task as the experiment
progressed. The effect of message approached signiﬁcance, (F [7,
42] ¼ 2.225, p ¼ <0.051), with messages 2 and 5 being transmitted
more accurately (M ¼ 0.813 and M ¼ 0. 792 respectively) and
message 8 transmitted least accurately (M ¼ . 576). No interactions
were found.
4.4. Message transmission speed
Message transmission times (in minutes), as a function of de-
livery and communication method were; 697 (CD/free), 697
(phone/free), 3017 (CD/restricted) and 2113 (phone/restricted). A
2 2 mixed ANOVA found no effect of delivery method on speed (F
[2, 12] ¼ 1.029, p ¼ 0.330). There was an effect of method of
communication (F [1, 12] ¼ 22.821, p ¼ <0.01), so that messages
transmitted freely were transmitted more quickly than those
transmitted without using the phone. No interaction was found.
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The mean accuracy scores for elements, collapsed across mes-
sages and conditions, were 0.87 (Name), 0.84 (Group), 0.74 (Event),
0.56 (Venue), 0.63 (Brought), 0.70 (Did), 0.87 (Advice) and 0.67
(Reason). A one-way within-subjects ANOVA conﬁrmed a signiﬁ-
cant effect of element on accuracy (F [6.21, 2976)] ¼ 48.902,
p < 0.01). Post hoc pair-wise comparisons (Bonferroni) revealed
signiﬁcant differences in the accuracy with which elements were
transmitted between all pairs of elements (p < 0.01) except be-
tween: ‘Name’ and ‘Group’; ‘Name’ and ‘Advice’; ‘Group’ and
‘Advice’; ‘Event’ and ‘Did’; ‘Venue’ and ‘Brought’; ‘Venue’ and
‘Reason’; ‘Brought’ and ‘Did’; ‘Brought’ and ‘Reason’; and ‘Did ‘ and
‘Reason’.4.6. Choice of communication channel
In this study, participants chose how to communicate within
their group (notwithstanding the restricted condition, where they
could not select the telephone either for speaking or for SMS
messaging), and the method used was recorded for most of the 384
instances of a message passing from one participant to another.
Table 4 shows that when people can choose freely, they use SMS-
text messaging or the telephone to transmit messages. When
they are not allowed to use the telephone they choose primarily
email communication, followed by face-to-face communication.4.7. Discussion
Experiment 3 demonstrates that the way in which a message is
delivered to the ﬁrst person in a chain inﬂuences the accuracy with
which the message is conveyed, but not the speed. The speed of
transmission down the chain is inﬂuenced by whether or not a
telephone is used.
Restricting participants to methods of communication other
than the telephone appears to have helped sustain the accuracy of
the message. Table 4 indicates that whilst face-to-face communi-
cation (a less accurate method) was used more often in the
restricted versus the free condition, there was a much larger fa-
voring of email and social networking sites (more accurate) in the
restricted condition in comparison with the free condition. We do
not know whether participants simply forwarded emails to one
another when they used email; if they did, however, this would be
adaptive behavior and suggests again that participants maximize
the accuracy of the message by whatever means available. Table 4
also shows that in the free condition participants favored SMS
messaging over the telephone - again suggesting a desire to convey
themessage as accurately as possible by using awritten rather than
spokenmedium.Whilst we do not know the extent towhich taking
such decisions was something of which the participants were
consciously aware, our data does suggest adaptive behavior of this
type.
This experiment also shows that communications restricted to
methods other than the telephone are conveyedmore slowly. There
was enormous variability in the time taken for a message to move
down the chain, resulting in large mean times for messageTable 4
Frequency with which different communication channels were selected (Experi-
ment 3).
Email F2F Phone SMS Social network sites
Free 28 36 45 72 2
Restricted 74 54 e e 29transmission. Much of this is probably due to the innocuous nature
of the messages coupled with the fact that participants did not
know when a message would be transmitted and therefore might
be engaged with other tasks such as work, or might be away from
their cellphone and/or computer.
Finally, Experiment 3 also demonstrated that different elements
of the message varied in howwell they were remembered. In terms
of speciﬁc comparisons with Experiments 1 and 2, what was
construed to be ‘Source’ information was much better conveyed.
Participants remembered ‘Name’ and ‘Group’ better than they
remembered ‘Event’ (the corollary of ‘Substance’ and ‘Venue’ (the
corollary of ‘Location’). They did however remember ‘Advice’ (the
corollary of ‘Advice’) better, though the ‘Reason’ tended to be lost.
They conveyed ‘Brought’ and ‘Did’ less well e the corollaries of
‘Symptoms’- which were also not well conveyed in Experiments 1
and 2. However, we cannot make toomuch of this as the corollaries
are not obvious and the messages used here had no personal
relevance to the participants. It would be reasonable to assume that
if participants really had been attending the events they would
have made more effort to remember what they were. In terms of
the broader categories of hazard, consequence and information
statements then the results show the same general pattern in that
hazard and information statements tend to be remembered (and
therefore conveyed) better than consequence statements.
4.8. General discussion
The studies reported here demonstrate that when messages are
passed down chains of people, some elements of the messages
survive better than others; that some modes are more accurate
than others, but some are faster; that there are early advantages in
the use of somemodes, which dies out by position four in the chain;
and that repetition and enhancement of messages improves the
accuracy of transmission, especially for spoken messages.
That some elements survive better than others suggests either
that the better-remembered elements are simply more memorable
than others, or that participants made more effort to remember
some elements of the message because they assigned a greater
importance to them. As we used a number of messages which
might bemore or less memorable than one another (and havemore
or less memorable elements), the latter is more likely. Like
Wogalter et al. (1987), we found that hazard and instruction in-
formation is generally better passed on than signal words and
consequences. The reason we propose is similar to that cited by
Wogalter et al. (1987), which is that signal words and consequences
are subsumed and can be inferred from the hazard and instruction
statements (and thus do not need restating). Similar ﬁndings and
conclusions have been found in other studies using different ap-
proaches. Naire and Panderirada (2011) report the phenomenon of
survival processing e whereby participants preferentially
remember information important for their survival: ultimately this
may be what is happening in our studies. We can also infer that
participants were conveying information according to its utility.
Where it was difﬁcult for them to remember all of the elements,
they passed on the information that could not be inferred from
other information. This is demonstrated most clearly in the spoken
conditions; where the message was repeated there was signiﬁcant
improvement in the accuracy with which the poorly performing
information was passed on. This suggests that memory capacity
was restricting participants from remembering everything that
they wanted to remember and pass on.
In their study of Twitter posting and re-posting after the Waldo
Canyonwildﬁre, Sutton et al. (2014) demonstrated that the content
of the most re-tweeted messages were concerned with guidance
and impact themes, particularly advisory and location information.
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two pieces of information can be imparted in a single tweet, so the
various central themes were spread across the tweets rather than
being embodied in single tweets. Overall, Sutton et al. demon-
strated that message content, message style and message exposure
all had effects on re-tweet rates. Thus there are now a range of
methodologies and approaches which indicate that people, when
under pressure, can successfully convey the elements of emergency
messages most central to their survival. Neither our study nor the
Sutton et al. study demonstrates whether or not the messages are
ultimately effective, and result in better safety behavior thanwould
occur without those messages. We also do not know whether the
loss of information down the chains of participants tested in our
studies, or the fragmented messages sent via twitter has any effect
on safety behavior. Behavioral measures are very difﬁcult to take,
for several reasons. In the real world one does not know the
baseline level of safety behavior which would occur without such
messages (and modern methods of communication such as twitter
means that we cannot control people communicating, so could
never establish a baseline anyway) and in the laboratory, where it is
possible to measure behavioral endpoints (such as in Edworthy
et al., 2004) the risks have to be fabricated, for ethical reasons,
which may affect the outcome. Subjective measures of compliance
also do not necessarily reﬂect the degree to which actual compli-
ance may occur. However, this is an important topic for future
research.
These experiments demonstrate a number of ﬁndings with
implications for the broadcast and transmission of crisis and
emergency risk communications. The CERC literature (e.g. CDCP,
2012) commonly recommends that emergency responders choose
the appropriate communication channel, and here have added is-
sues of message accuracy and element survival to the criteria
against which a communication channel might be assessed. Our
ﬁndings suggest that written communications generally facilitate
more accurate transmission of information than spoken commu-
nications, as we would expect. This is true when accuracy is
measured as information lost from a message as it passes down a
chain and also as information added to a message. Our ﬁnal
experiment suggests that communicating via telephone may be
faster, but at the expense of accuracy. However, advances in tech-
nology make the distinction between written and spoken
communication ever more blurred, making possible communica-
tion methods which take advantage of both the speed of verbal
communication and the reliability and permanence of written
communication. Our experiments also show that when a spoken
message is repeated and enhanced, the advantage of written
communication largely disappears.
In any case, differences in performance between communica-
tion channels were only present in the earlier parts of the chain e
by the ﬁfth person the differences had disappeared. Research in
other areas, using less constrained paradigms, suggests also that
the number of links in naturally occurring message chains is rela-
tively small. For example, Dalrymple's study (1978) of the way
rumor spread after a crisis demonstrated that rumors chains typi-
cally consisted of fewer than eight people. The ‘small world’ para-
digm (Travers and Milgram, 1969; White and Houseman, 2003),
shows that when people are required to communicate with a
named (but unknown to them) individual, this can usually be done
in six or fewer links. Our experiments suggest that large chains of
communicators are unwieldy and unreliable e luckily, they appear
not to be typical of what happens in real life.
Experiments 1 and 2 dictated which mode was allowable when
participants passed the message down the chain. However,
Experiment 3 showed that when participants could choose how to
communicate with one another, they chose to use the telephone orSMS text messaging. Our ﬁndings also suggest that restricting the
use of the telephone, as might be necessary or desirable in a civil
emergency, will result in more accurate (but slower) message
transmission. One interesting observation is that when people are
able to use phones, they have a preference for SMS messaging and
when they cannot use the telephone, they have a preference for
emailing. Thus in both cases they are optimizing the accuracy of
their messages by using written, permanent methods of
communication.
Finally, it is important to reiterate that our ﬁndings are con-
cerned with message accuracy (and to some extent speed) and are
not concerned with compliance (or subjective compliance), un-
derstanding, persuasion, comprehension or any other aspect of
behavior directly connected with emergency messages. Neither are
they concerned with factors which might affect the efﬁcacy of the
initial message, such as trust in the source and/or believability of
the message. These other areas are of course of great importance
and are the topics of many other studies. Many of these issues are
also embodied within the CERC guidance and are thus recognized
as being important. The work reported here is concerned with the
beginning of all of those processes, as none of them can begin
without the receiver being able to pass on a message accurately.Acknowledgments
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